This study was undertaken to evaluate the possibility to obtain a molecular signature of rheumatoid arthritis (RA) comparatively osteoarthritis (OA), and to lay the bases to develop new diagnostic tools and identify new targets. Microarray technology was used for such an analysis. The gene expression profiles of synovial tissues from patients with confirmed RA, and patients with OA were established and compared. A set of 63 genes was selected, based, more specifically, on their overexpression or underexpression in RA samples compared to OA. Results for six of these genes have been verified by quantitative PCR using both samples identical to those used in the microarray experiments and entirely separate samples. Expression profile of the 48 known genes allowed the correct classification of additional RA and OA patients. Furthermore, the distinct expression of three of the selected genes was also studied by quantitative RT-PCR in cultured synovial cells. Detailed analysis of the expression profile of the selected genes provided evidence for dysregulated biological pathways, pointed out to chromosomal location and revealed novel genes potentially involved in RA. It is proposed that such an approach allows valuable diagnosis/prognostics tools in RA to be established and potential targets for combating the disease to be identified.
Introduction
Rheumatoid arthritis (RA) affects approximately 0.5% of the world adult population and represents a significant cause of disability. It is a chronic, debilitating joint disease of unknown origin, which manifests as diffuse symmetrical polyarthritis. Joint inflammation is characterized by synovial hyperplasia associated with infiltration of many different inflammatory cell types, and which progresses to cartilage and bone destruction. Key issues in this pathology are: the mechanisms of induction of inflammation, the immunological network leading to disease perpetuation/chronicity, and identification of mechanisms that promote disease resolution. Answers to these fundamental questions would lead to effective treatments for a range of inflammatory disorders.
Dysregulated immune responses within the inflamed synovial membrane probably contribute to cartilage and bone erosion. The large array of cytokines and factors produced in the affected joints, and the multiple cell interactions dictate the evolution of arthritis. The levels of proinflammatory molecules, particularly the monokines TNF-a and IL-1 b, exceed those of anti-inflammatory moieties such as IL-10 and TGF-b.
1,2 Biological therapies targeting TNF-a and now IL-1 and IL-6 have clearly defined the central importance of cytokine production and macrophage-induced inflammation in RA, but these achieve only transient clinical responses, unless given repetitively. [3] [4] [5] [6] Moreover, only 40% of patients reach the American College of Rheumatology (ACR) 50% response. This highlights the clinical necessity for generating further, novel, pathogenesis-led interventions.
To reach this goal, it is crucial to identify and quantify the genes expressed by the cells that are present and interacting in the tissue. Although an approach which is focused on one gene or gene product is important, a real effort has to be made to avoid a too restrictive vision, since articular diseases such as RA are multifactorial disorders, and a variety of possibilities must be taken into account. In order to increase the understanding of the mechanisms involved in these diseases, and consequently to identify new therapeutic targets and develop new diagnosis tools, it is of prime importance to precisely analyse the genes expressed and their level of expression in the tissue. Until recently, 7, 8 no comprehen-sive, systematic study of the genes expressed or repressed during RA had been reported. Expression profiling has already shown its usefulness in identifying genes in specific cell types under defined conditions and in establishing characteristic patterns of gene expression in a variety of diseases. 9, 10 In a proof concept study, DNA array technology was used to study gene expression in RA, 11 showing that this approach is feasible and can give interesting results.
Other studies have focused on culture of synovial fibroblasts (SF) by combining a DNA array and an RNA arbitrary-primed PCR. 12, 13 However, these studies did not allow appreciation of the overall modification of gene expression in RA. Furthermore, although working with homogenous cell populations such as SF has the clear advantage to simplify the analysis of DNA array experiments and to study a subpopulation of cells known to be involved in the disease, it has also major drawbacks such as modification of gene expression due to cell culture, purity and synchronization of the culture, selection of particular subset of cells.
It has been recently demonstrated that the ACR classification criteria were not useful for predicting the diagnosis of RA in patients, within the first year of arthritis onset.
14 This is certainly due to the fact that the 1987 ACR criteria were developed as a tool for classifying patients who had already been identified as RA patients by a rheumatologist and not as a means of actually diagnosing RA, although these criteria are increasingly used as the gold standard for the diagnosis of RA. These results collectively demonstrate the real need for new evaluation methods for the diagnosis of the disease. As a first step and to evaluate the possibility to reach this goal, we present here an analysis of genes differentially expressed in synovial tissue from RA and OA patients undergoing reconstructive surgery or synovectomy. We used microarrays containing 5760 probes derived from a cDNA library. By measuring expression of these genes in RA and OA tissue samples, we were able to define a selection of 48 known and 15 unknown genes that are differentially expressed in RA and OA tissues.
Data analysis revealed that molecules belonging to restricted biological processes, for instance transcription/transduction/cell cycle and proteases, were preferentially differentially expressed when comparing OA and RA tissues. In addition, results concerning some of these products have been validated by another techniques on greater number of samples.
Results
Global gene expression profile A total of 15 RA and OA tissues (five RA and 10 OA) were analysed by cDNA microarray, and expression data for 5760 genes were obtained. Only tissues from patients with a confirmed diagnosis and without any other associated disease were used (see Materials and methods). With expression data for 4254 expressed genes that passed prefiltering, a comparison of gene expression between RA and OA tissues led to the selection of 63 differentially expressed genes on the basis of their significant differential expression between OA and RA patients (Table 1) . From those 63 genes, 48 were known genes and 15 were unknown ESTs. Expression of 31 of the identified genes, such as guanylate-binding protein 1 (GBP1), TAF2E, clusterin (CLU), DDX17 and CDK7 was ascertained by redundancy hits, two or more independent clones, in the cDNA arrays (Table 1 and Web Table  A, 
see Supplementary information).
Differentially expressed genes in RA compared to osteoarthritis Among the 63 selected, differentially expressed genes, 15 showed higher expression and 48 lower expression in RA than in OA. We found that these genes participated in a limited number of functions (Table 1 ). In total, 36% of the selected genes had unknown functions. Of the genes with known functions, 77% were involved in four main classes of cellular functions: transcription and the cell cycle (33%), signal transduction (19%) metabolism (16%), and proteases and inhibitors (9%) (Figure 1 ).
Clustering of samples with a selected set of differentially expressed genes We clustered samples by using all 63 differentially expressed genes. To do so we used an unsupervised algorithm that groups samples into a predetermined number of clusters on the basis of their gene expression patterns. 15, 16 The resulting hierarchical clustering is shown in Figure 2a , and as expected all OA and RA samples were correctly classified. In this setting all the RA samples were arranged side by side and all OA were also arranged side by side.
The 48 known genes that were identified as differentially expressed in RA vs OA tissues were then subjected to cluster analysis. Figure 2b shows that the selection of these 48 genes was good enough to group all the RA samples together and to group all OA together.
Validating the selected genes Quantitative RT-PCR analyse of selected genes. Six of the selected genes were further studied by real-time, quantitative PCR in order to validate the results obtained using microarray. Three (CTSL (cathepsin L), GBP1, GLO1 (glyoxalase 1)) were chosen for their higher expression and three (CLU, DXS1357E (B-cell receptor-associated protein 31), RH70/DDX17 (RNA helicase 70 kDa)) for their lower expression in RA compared to OA. The genes for this in-depth study were also chosen because of their different cellular functions and for their potential relevance to disease. For these genes, we compared the results obtained when the same samples were analysed using both the microarray technique and real-time, quantitative PCR. Although the number of samples analyzed simultaneously by the two techniques is rather limited, the results shown in Table 2 demonstrate that the mean ratio of expression between RA and OA of these six genes is fully concordant when microarrays and real-time PCR results were compared. Increasing the number of samples analysed by real-time PCR further validated these results. In this case, more than 50% of the samples that we used had not been tested by microarray. As shown in Table 2 , the ratio of expression of the six tested genes fully corroborated the results obtained with the microarray technique, which further validated the set of selected genes. In addition, Western blot analysis using commercially available polyclonal antibodies revealed an overexpression of GBP-1 protein in RA tissue compared to OA (data not shown). The selected gene cluster allowed differential diagnosis between OA and RA. To validate our findings, new samples from RA (n ¼ 2) and OA (n ¼ 3, one of which was the contralateral knee of a patient already tested) were processed for microarray procedure. These new data were added to those of the first experiment and subject to a cluster analysis focused on the 63 genes previously selected. As shown in Figure 3a , each of these five new samples was correctly classified in the OA and RA categories. Furthermore, the two samples obtained from the same patient 1 year on (OA 2 and OA 11) demonstrated a very similar expression profile. These results showed that the set of genes is probably a good disease marker. Similar cluster analysis conducted on the 48 known genes that were identified as differentially expressed in RA vs OA tissues confirmed the diagnosis capabilities of the selected genes ( Figure 3b) .
Expression of selected genes in cultured synovial cells
Since SF appear to play a major role in the pathogenesis of RA, we measured the expression of three of the selected genes in the synovial cells: one gene with higher (GBP-1) and two genes (CLU, RH70/DDX17) with lower expression in RA compared to OA. Third-passage RAand OA-synovial cells from seven OA and four RA patients were used to evaluate the gene expression by real-time PCR. While the expression of GBP1 and RH70/ DDX17 did not differ when comparing SF-RA and SF-OA, CLU transcripts in cultured SF-RA were significantly lower than those from SF-OA ( Figure 4) . Thus, the low expression of CLU noted in RA synovial tissue collected ex vivo persisted in SF expanded in vitro, suggesting that the downregulation of this gene may be an intrinsic property of RA synoviocytes.
Discussion
Among the main clinical challenges RA represents, two are particularly crucial: (1) the difficulty in establishing a rapid and reliable diagnosis; (2) the need for new therapeutic targets. Herein, we report on microarray studies of OA and RA synovial tissues leading to the selection of a limited number of genes differentially expressed in the two types of diseases, which allowed correct diagnosis in a series of additional OA and RA patients. For some genes, real-time PCR has been used to ascertain their differential expression in the same samples used for microarray experiments, and in a new, independent set of samples. Furthermore, real-time PCR has also been used to study three of the differentially expressed genes in synovial cultured cells. One-third of the genes we described as being implicated in the distinction between OA and RA are either unknown or have unknown functions. Among the 48 known genes, some were already reported to be differentially expressed between RA and OA such as CTSL, CTSD and TIMP2. Notably, more than two-third of the genes belong to three main classes: transcription and cell cycle (33%), transduction (19%) and metabolism (16%). The restricted number of class these known genes belong to was particularly interesting because reveals, at the molecular level, differences in features known or suspected as being different in OA and RA. Figure 1 View of biological functional family gene repartition of the known selected genes. Each gene is described in more detail in Table 1 .
Molecular signature of rheumatic disease V Devauchelle et al Indeed, we found that five of the selected genes with known functions belong to the GTP/GDP metabolism class, making these genes and the respective pathways attractive candidates for new therapeutic attention and interventions. More precisely, four of those five genes were downregulated in RA. Interestingly, Neumann et al 13 reported recently the decreased expression of Rho A, a GTPase related to formation of stress fibers, in cultured RA synoviocytes compared to OA synoviocytes. This result has to be linked to the decreased expression we observed of ARHA, a Ras-related GTP binding protein of the rho subfamily, which regulates reorganization of the actin cytoskeleton. On the other hand, GBP-1 was found to be upregulated, a result that was recently reported by Van der Pouw Kraan. 8 Looking at the chromosomal localization of the selected genes revealed several interesting features. Between the 63 selected genes, 49 had reliable chromosomal location. Among those genes, three were located at the chromosome 6p21 region that harbors the HLA genes, 17 and which is responsible for one-third of the genetic influence on the development of RA. These results are in line with a recent study of a distinctive gene expression profile in rheumatoid synovium using microarray analysis reporting the localization of nine genes of interest in 6p21. 7 We also found that four genes were located to chromosome X with three of them to Xq28, results that cannot be explained by a hazardous distribution or by a biased patient recruitment since the same proportion of male and female patients were used for either diseases. Moreover, six other genetic regions containing susceptibility loci for inflammatory diseases, namely 22q12-13; 19q13; 17q21-22, 19p12-13 (an IBD susceptibility region 18 ), 1p36 and 18q12 (RA susceptibility regions 19 ) contained altogether 10 genes that we found differentially expressed between RA and OA. Such preferential grouped chromosomal location could be the result of different regulation/modulation of transcription between the two diseases and could help on the identification of genetic risk factors that is a challenge for complex diseases.
Doing gene correlation in a disease as complex as RA was fully behind the scope of this work and is presently difficult to envisage out of perfectly defined in vitro experimental conditions. 20 Recently, Ship et al 22 and Pomeroy et al 21 described prediction of outcome for large, B-cell lymphoma and central nervous system embryonal tumours, based on gene expression profiling and supervised learning. Such approaches necessitate both analysing a large number of specimens, more than 40 even for a quite homogenous disease, and access to samples very early in the course of the disease and before any treatment. These three main requirements represent all major difficulties when studying RA.
Identifying a set of genes that could be used to molecularly distinguish RA and OA was one of the ideas behind this study. Analysing expression profiling of the selected set of genes is already highly informative in this context since, by using only the set of known genes, (i) two different samples from the same patient were similarly classified, (ii) those patients with OA associated with primary osteonecrosis were correctly classified among the others OA. In this work, the classification results were obtained without weighting the expression of any gene, assuming that they have all the same weight in the classification. Presently, we are working on the improvement of the method of classification. Further investigations are currently under progress to identify the genes that have a higher prediction factor. Using first SAM to estimate a value for each missing data, PAM was then used for classification. PAM method is used to find genes in a set of DNA chips, which best classifies samples and to validate a set of genes to classify samples. Data point to a set of 14 out of 63 genes (Web Text A, and Web Figures 1-4 
, see Supplementary information).
Although 32 out of the 48 of the known genes that belong to the selected set of genes reported herein were not present in Van der POUW KRAAN's arrays 8 (Web Table B , see Supplementary information), seven out of the 16 comparable genes between the two studies were found identically selected. This comparison shows that both approaches, in two different laboratories, could lead to identification of same genes.
In a second series of experiment, we focused our work on an in-depth study by real-time PCR of six selected genes, namely CLU, CTSL, DXS1357E, GBP1, GLO1 and RH70/DDX17, to further validate the results obtained using the microarray technique at two different levels. First, by comparing the results obtained when the same samples were analysed using both techniques and second, by testing an independent set of tissue samples. In both settings, the ratio of the expression of the six genes tested using the real-time PCR technique fully corroborated the results obtained using the microarray technique.
Since the six genes studied in more details have been selected on the basis of (1) obvious genes given the concept of the disease; (2) genes belonging to a family or metabolic pathway specifically modified in the particular disease; (3) novelty (gene with unknown function or for which few data are available); and (4) magnitude of the differential expression, we think that they are good [23] [24] [25] [26] [27] and many of these activities could be related to the physiological processes involved in RA. We found a highly significant, lower expression of CLU when comparing RA to OA (Po0.001), making the measurement of CLU gene expression, an highly interesting test for distinguishing between OA and RA tissues (Devauchelle et al, submitted). Interestingly, differences in expression of CLU mRNA between OA and RA tissues were also found, in the same range, when comparing CLU mRNA expression in cultured OA and RA synoviocytes. DDX17/RH70 is a gene that has been very recently described as a bidirectional, RNA helicase. 28 Since it is expressed at lower levels in RA compared to OA tissue, it could be responsible for lower efficiency mRNA splicing or mRNA alterations in RA. Furthermore, DDX17 associates with U1snRNP, a target autoantigen, making it a possible target for an autoimmune response and/or an active player in the emergence of autoantigen. Although the number of samples analysed is still too low to achieve definitive conclusions, results have shown that equivalent expression of CTSL was found between RA patients and patients affected by OA associated with primary OSN and higher than detected in samples of patients affected of OA alone. Interestingly, the expression of another cathepsin (CTSB) was higher in OA compared to RA. Since CTSL has been involved in bone degradation, 29, 30 these results suggest that CTSL gene expression is a potential marker for bone erosion, and that it might be a candidate for therapeutic intervention.
On the other hand, expression of GBP1 and CTSL (a cysteine proteinase involved in joint destruction and bone resorption in RA tissues) was upregulated in RA tissues confirming results reported. 8 Both genes are known to be IFN-g responsive through the STAT1 signalling 31, 32 and particularly in synovial cells. 33, 34 Interestingly, we provided evidence that the differential expression of GBP-1 and CTS-L observed in tissues was lost in cultured SF. These results raised the possibility that these genes were activated in RA tissue potentially through the action of cytokine. To test this hypothesis, we are currently studying whether the IFN-g responsiveness of these genes is different in OA and RA synovial cells.
Conclusion
The differences in gene expression may suggest biological pathways for therapeutic intervention and facilitates identification of more homogeneous groups of patients for clinical studies and trials. Our concern in this work was to use a powerful technology to lay the bases to define novel molecular diagnostic tools and to identify potential targets for therapeutic intervention in RA. On the basis of microarray technology, our work points to a set of distinct genes whose elevation or impaired expression correlates with RA. These findings open up the possibility in the future of the clinical use of a 'rheumatoid chip', as a diagnostic tool and may enable scientists to better tailor therapeutic strategies. Differences in gene expression profiles will provide a unique perspective to allow us to distinguish between different, pathogenic RA and OA subsets, based on molecular criteria.
Patients and methods
Synovial tissue and cell culture Seven patients with RA (five females, two males, mean disease duration of 14.3 years, ranging from 3 to 32 years), who fulfilled the RA criteria of the ACR 35 were evaluated. The mean age was 5579.2 years. The mean7s.d., C reactive protein level was 17712 mg/l. Four RA patients were receiving corticosteroids, and four received disease-modifying antirheumatic drugs. One had received anti TNF therapy, which was stopped 8 weeks prior to surgery. One patient, a 32-year-old woman in whom the disease had begun 20 years earlier as polyarticular juvenile idiopathic arthritis (rheumatoid factors positive) was also tested. In total, 12 patients with OA (seven females, five males, mean disease duration of 7.6 years, ranging from 1 to 20 years) were used for comparison. The mean age was 7279.3 years. The mean7s.d., C reactive protein level was 8.5720 mg/l. All patients with OA received analgesic drugs, three received nonsteroidal anti-inflammatory drugs. RA and OA samples were mainly obtained from patients undergoing knee replacement surgery. None of the patients received intra-articular injection of corticoid in the month preceding surgery. All the patients included in the study were also seen by a rheumatologist (GF or VD) to confirm the diagnosis.
Tissues were obtained, with informed consent, from patients who underwent remedial synovectomy or arthroplasty of the knee. Synovial tissue was dissected from surgical specimens taking particular care that there was minimal contamination by nonsynovial tissue, and samples were immediately processed for RNA extraction and when possible, treated prior to cell culture with collagenase dispase. Synoviocytes were cultured in RPMI 1640 supplemented with 10% fetal calf serum, 100 mg/ml streptomycin and 500 U/ml penicillin. Jurkat, THP-1, U937 and HaCat 36 cells were cultured in the same medium. To prepare RNA from the cell lines, the cells, apart from HaCat and activated Jurkat, were seeded at 500 000/ml, 15 h before harvesting. HaCat cells were seeded at 10 000 cells/cm 2 and cultured for 10 days before harvesting for RNA extraction. Medium was changed every 2 days. Activated Jurkat cells were incubated at 1 Â 10 6 cells/ml for 6 h in the presence of PHA (1 mg/ml) and PMA (10 ng/ml) before harvesting.
RNA preparation
After dissection, synovial tissues were promptly frozen in RLT s RNA extraction buffer (Qiagen, Rneasy kit). All the experiments were performed using SFs at the third passage in tissue culture; at this time the contaminating cells were less than 2%. Data are from four RA and seven OA patients. *Po0.001, RA vs OA. Determinations were carried out at least in triplicate. Nonparametric tests were used. The MannWhitney test was used to evaluate the difference between groups. A P-valueo0.05 was considered statistically significant.
Total RNA was extracted and treated with DNase I to eliminate genomic DNA contamination. The integrity of the RNA was analysed by gel and RT-PCR and concentration was measured by absorbance at 260 nm.
Generation and postprocessing of cDNA microarrays Gene expression analysis was performed using cDNA microarrays containing 5760 human probes that had been sequenced twice. The mean size of probes was around 1.500 pb. Altogether, the microarrays allowed detection of 4652 different genes (Web Table C , see Supplementary information). The PCR products were prepared in 96-well plates, purified by ethanol precipitation, washed in 70% ethanol, dried, dissolved in TE/ DMSO (50/50) and stored at À801C. The quality, size and concentration of each PCR product were assessed by agarose gel electrophoresis using a calibrated standard DNA solution (Invitrogen). PCR products were arrayed onto poly-L-lysine-coated slides (Menzel Glaser) using the 4-pins GMS 417 arrayer (Genetic Microsystems). Before hybridization, the slides were hydrated over boiling water and dried at 801C. Spotted DNA was crosslinked by UV irradiation (130 mJ at 254 nm). Slides were totally immersed in a freshly prepared blocking solution consisting of 2% succinic anhydride, 20 mM sodium borate pH 8 in methyl-2-pyrrolidinone. Slides were washed in water and immersed in 100% ethanol at À201C before a final centrifugation for 7 min at 100 g at room temperature. Slides were then prehybridized at 421C in 3 Â SSC, 0.1% SDS, 0.1% BSA solution for 30 min. Following prehybridization, the slides were washed successively in water, propanol-2 and 100% ethanol. Finally, the slides were centrifuged for 5 min at 100 g at room temperature.
cDNA synthesis and hybridization Labeled cDNAs were synthesized by reverse transcription of total RNA (20 mg) from synovial samples in the presence of oligo(dT-VN) using the Superscript II reverse transcription kit (Gibco-BRL) and amino-allyl dUTP. The reference RNA consisted of a mix of equivalent amounts of Jurkat, activated Jurkat, THP-1, U937 and HaCat cell lines) (20 mg total RNA). The use of a common control cDNA probe allows the relative expression of each gene to be compared across all samples.
The cDNAs were purified on Microcon filters (Amicon) as described on P. Brown's Web site (http:// brownlab.stanford.edu/protocols.html) and on Service de Génomique Fonctionnelle's, Web site (http:// www.genopole.org/html/en/connaitre/cite/outils/plateforme_sgf.htm). Purified DNAs were spotted onto poly-L-lysine-coated slides (Menzel Gläser), using an automated arrayer (Genetic Micro Systems). Prehybridization and hybridization conditions were those described by Brown and colleagues (http:// brownlab.stanford.edu/protocols.html) with a few minor modifications (http://www.genopole.org/html/en/ connaitre/cite/outils/plateforme_sgf.htm).
Briefly, Cy3-and Cy5-labeled cDNAs were mixed with 30 ml of hybridization solution (50% formamide, 1.75 Â Denhardt's, 0.35% SDS and 6 Â SSPE, 10 mg of human Cot-1 DNA (Invitrogen), 10 mg poly(A) (Sigma-Aldrich) and 10 mg of yeast tRNA (Invitrogen)). The probe was heated for 2 min at 1001C, incubated at 371C for 20-30 min and placed between a slide and coverslip. The arrays were incubated overnight at 421C in an humidified slide chamber (Corning), and washed initially in a bath of 0.1 Â SSC with 0.1% SDS for 2 min at 421C, then in 0.1 Â SSC with 0.1% SDS for 10 min at room temperature followed by two washing steps in 0.1 Â SSC for 15 min each at room temperature. The arrays were dried by centrifugation at 600 rpm for 6 min.
Hybridized arrays were scanned using a GenePix 4000B scanner (Axon Instruments, Inc.). Fluorescence intensities of Cy3 and Cy5 were measured separately at 532 and 635 nm and fluorescence ratio measurements were determined with the GenePix Pro 3.0 software (Axon Instruments, Inc.).
Image acquisition and data analysis
The resulting 16-bit data files were imported into an image analysis software (Axon Genepix 3.0, Axon). Feature ratios were calculated after background subtraction using Genepix 3.0. This software flags spots as absent, based on spot characteristics. Other bad spots were manually flagged and no flagged spots were included in subsequent analysis. Data were scaled so that the average median ratio values for all spots were normalized to 1.0. Additionally, only spots with more than 70% of their pixels fluoresced with an intensity greater than 2 standard deviations above background noise in one of the two wavelengths were selected for further analysis.
The data were normalized by applying a uniform scaling factor, assuming that the arithmetic median of the ratios for every spot considered was equal to 1. Further parameters were additionally used for the selection of the differentially expressed genes: (1) only the genes selected on the base of flag filtering and present in at least 70% of the samples of each type of disease were analyzed; (2) the mean difference of expression in each group should be at least 1.6; (3) Student test used should be significant (o0.05); and (4) each of the redundant hits was taken into account separately.
The verification whether OA and RA populations have homogeneous variance has been performed via the Fisher unilateral test of equality of variance in Excel (TEST.F function). Probes rejected at a 5% P-value have been considered having statistically different variance in the two conditions. The test whether OA and RA populations have the same statistical mean has been performed via a bilateral t-test in Excel (T.TEST function); homo or heteroschedasticity of variance has been assumed from the results of the previous Fisher test. Probes rejected at 5% P-value have been considered having significantly different means (Web Table D , see Supplementary information).
Clustering were performed using Cluster and TreeView software. 37 Normalization was made by gene, and data were log-transformed. To avoid an analysis bias, the organizations of the results were made with the same number of genes and arrays used in the experiment. To avoid false weighting of some genes expression, only one value per gene (mean of redundant hit when applicable) was used. Several analyses were made. The data presented resulted from a hierarchical clustering made with an uncentered correlation.
Real-time PCR analysis
Real-time PCR was performed using a LightCycler system (Roche diagnostics, Mannheim, Germany), according to the manufacturer's instructions. Reaction were performed in a 20 ml volume with 0.5 ml primers, 2 ml of LightCycler FasStart reaction mix SYBR Green I (Roche Diagnostics), and adequate concentrations of MgCl 2 . b-Actin was used as the housekeeping gene for relative quantification to normalize target gene expression. To confirm amplification specificity of a single specific gene product and to exclude primer dimers, the PCR products from each primer pair were subjected to a melting curve analysis. The RT-PCR products of each primer PCR were also subjected to electrophoresis on a 2% agarose gel to confirm the presence of the specific gene amplicon. Each primer efficiency was tested using corresponding annealing temperatures and MgCl 2 concentrations (2-7 mM). Primer efficiency was calculated using the standard curve method (E ¼ 10 À1/slope , where E represents the primer efficiency). Each standard curve was determined with multiple dilutions steps and replicates, and stored as a coefficient file used for the analysis. An efficiency-corrected calculation was performed by the LightCycler Relative Quantification software using the so-called coefficient files, according to the manufacturer's recommendations.
PCR quantification: For calculation of the final result, we used the software Rel-Quant (Roche Diagnostics). The PCR quantification was a relative quantification with a normalized calibrator with efficiency correction. The calculation was based on the crossing point of a sample and the efficiency of the PCR reaction, according to the general PCR equations. The normalized ratio is the result of the target/reference ratio of each sample divided by the target/reference ratio of our calibrator. We used actin as our housekeeping, reference gene. The calibrator was the same pool of control RNA as that for the microarray experiments.
